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Description 

[0001 ] The present invention relates to new peroxide curable f iuoroelastomers particularly suitable for manufacturing 
O-rings. 

5 [0002] Various types of fluoroelastomers are known in the art, widely used in all those fields where superior elastic 
properties associated with high thermochemical stability are required. For a wide survey on such products see for 
instance "UHmann's Encyclopedia of Industrial Chemistry", vol. A-11 , pag. 417-429 (1988, VCH Verlagsgesellschaft). 
[0003] It is also known that for manufacturing sealing elements, particularly O-rings, it is necessary to use elastomers 
endowed with particularly low compression set values. In fact, O-ring sealing effectiveness is as better as the article. 

10 upon compression, is able to recover initial dimensions. Since the fluoroelastomers are used in a wide temperature 
range, compression set values shoUfcJ below not only at low temperatures, but also at high temperatures. Compression 
set values (measured at 200°C for 70 hours, according to ASTM Standard D395, Method B) lower than 25% are gen- 
erally required. More particularly, military specifications (MIL-R-83248B) asks for O-rings having a maximum compres- 
sion set value of 20% (measured at 200°C for 70 hours as well). 

75 [0004] Fluoroelastomers which can meet such requirements are those curable ionically. which need addition of curing 
agents (for instance polyhydroxy compounds, such as Bisphenol AF or Bisphenol A), of suitable accelerators (for 
instance ammonium, phosphonium or amino-phosphonium salts), and of divalent metal oxides and/or hydroxides (for 
instance MgO, Ca(OH) 2 ). Elastomers of this type are described for instance in patent application EP-525,685. However, 
ionic curing shows some drawbacks, among which the fact that a post-curing treatment is needed, generally carried out 

20 at 200°-260°C for 12-24 hours, in order to complete curing, and to eliminate volatile by-products, so as to improve and 
stabilize mechanical and elastic properties. This implies a remarkable increase in processing times and costs and 
therefore strongly limits the possibilities of large scale production. 

[0005] As described in US Patent 4,243,770, fluoroelastomers can be crosslinked also by means of peroxides. To 
such purpose it is necessary to carry out the polymerization in the presence of suitable iodinated chain transfer agents, 

25 which introduce into the macromolecules iodine atoms in terminal position: in the presence of radicals deriving from a 
peroxide said iodine atoms act as cure sites in consequence of homolitic breakage of the G-l bonds. Ruoroelastomers 
of this type generally do not require long post-curing treatments: in some cases it is sufficient a post-curing in air at 
about 200°-230°C for 1-4 hours. However, such products do not meet the specifications indicated above for O-ring man- 
ufacturing: the compression set value is indeed usually high, at least equal to 28-30% or higher. 

30 [0006] US patent 5,231,154 discloses new diiodides chain transfer agents for fluoroelastomers, giving iodine end 
groups on both the polymer chain which is terminated and the polymer chain which is initiated, providing fluoroelastom- 
ers having improved thermal and chemical resistances, but no improvement of mechanical properties, particularly of 
compression set. 

[0007] The Applicant has now found a new class of fluoroelastomers as defined hereinunder. which, upon peroxide 
35 curing, need extremely short post-curing treatments (around 30-60 minutes at 180°-230°C) and are characterized by 
compression set values lower than 25% (measured on O-rings at 200°C for 70 hours according to ASTM Standard 
D395 Method B). 

[0008] Therefore, a first object of the present invention are peroxide curable fluoroelastomers, having iodine atoms in 
terminal position, and monomeric units in the chain deriving from an iodinated olefin of formula: 

40 

CHR=CH-2-CH 2 CHR-l (I) 

wherein: R is -H or -CH 3 ; Z is a C r Ci 8 (per)fluoroalkyl en e radical, linear or branched, optionally containing one or more 
ether oxygen atoms, or a (per)f luoropolyoxyalkylene radical. 
45 [0009] Further objects of the present invention are the iodinated olefins of formula (I), and the preparation process 
thereof, as described hereinunder. v 

[00101 As regards formula (I). Z is preferably a C 4 -C 12 perfluoroalkyiene radical, or a (per)fluoropolyoxyalkylene rad- 
ical of formula: 

so -(Q)p-CF 2 0-(CF 2 CF 2 0) m (CF 2 0) n -CF 2 -(Q) p - (II) 

wherein: Q is a C-i-Ce, preferably C r C3, alkylene or oxyalkylene radical; p is 0 or 1 ; m and n are numbers such that the 
m/n ratio is from 0.2 to 5 and the molecular weight of said (per)f luoropolyoxyalkylene radical is from 400 to 1 0,000, pref- 
erably from 500 to 1,000. Preferably, Q is selected from: -CH 2 0-; -CH 2 OCH 2 -; -CH 2 -; -CH 2 CH 2 -. 
55 [001 1] The olefins of formula (I) can be prepared starting from compounds of formula l-Z-l according to the following 
process: 

(1) adding ethylene or propylene to a compound of formula l-Z-l, thus obtaining a diiodinated product of formula: 
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l-CHR-CH 2 -Z-CH r CHR-l (Ml) 

where R and Z are defined as above; 

(2) partially dehydroiodinating the product of formula (III) with a base (for instance NaOH, KOH, tertiary amines, 
5 etc.). so as to obtain thelodinated olefin of formula (I). 

[001 2] As to step (1 ). the addition of ethylene or propylene is usually carried out in the presence of suitable catalysts, 
such as redox systems, for instance Cul or FeCI 3 , in solution in an organic solvent, for instance acetonitrile. The addition 
reaction between a perf luoroalkyliodide and an olefin is described, for instance, by M. Hudiiky in "Chemistry of Organic 

io Fluorine Compounds" (2nd Edition, Ellis Horwood Ltd., Chichester, 1976), and by R. E. Banks in "Organofluorine 
Chemicals and Their Industrial Applications" (Ellis Horwood Ltd, Chichester, 1979). or in J. Fluorine Chemistry. 42 
# (1 990), 1 -20 and in J. Fluorine Chemistry, 56 (1 992), 1-8. 

J 3] The dehydroiodination reaction of step (2) can be carried out either without any solvent, or by dissolving the 
diiodinated product in a suitable solvent (for instancea glycol such as diethylenglycol or a long chain alcohol). To max- 

75 imize the iodinated olefin yield, avoiding as far as possible a further dehydroiodination reaction with formation of the cor- 
responding bis-olefin of formula CHR=CH-Z-CH=CHR, it is possible: 

(a) to employ the base in defect with respect to the stoichiometric amount, with a molar ratio base/diiodinated com- 
pound preferably from 1.5 to 0.5, and then separating the iodinated olefin from the bis-oiefin by fractional distilla- 

20 tion; or 

(b) to carry out the dehydroiodination reaction at reduced pressure, so as to remove the iodinated olefin from the 
reaction mixture as it forms, taking advantage of the fact that the latter has a boiling point lower than that of the 
starting diiodinated product; in such a case the reaction is preferably carried out without any solvent. 

25 [001 4] Alternatively, it is possible to carry out step (1) in defect of ethylene or propylene, to favour as much as possible 
formation of mono-addition product l-Z-CH 2 -CHR-l (which can be separated from the di-addition product by fractional 
distillation); the mono-addition product is then dehydroiodinated as described above; with formation of olefin l-Z- 
CH=CHR, which isf inatly submitted to a further addition of ethylene or propylene to give the iodinated olefin l-CHRCH 2 - 
Z-CH=CHR. 

30 [0015] When Z is a (per)fluoroa!kyiene radical, optionally containing one or more ether oxygen atoms, the starting 
diiodinated compound l-Z-l can be obtained by telomerization of a (per)f luoroolef in C 2 -C 4 or of a (per)f luorovinylether 
C 3 -C 8 (for instance tetrafluoroethylene, perfluoropropene, vinylidene fluoride, perfluoromethylvinytether, perfluoropro- 
pylvinylether. or mixtures thereof), by using a product of formula l-(R|)k-l (where k = 0, 1 ; R f = C^Cs (per)f luoroalkylene 
radical) as telogenic agent. Telomerization reactions of this type are described, for instance, by C. Tonelli and V. Tortelli 

35 in J. Ruorine Chem., 47 (1990V 199, or also in EP-200,908. 

[001 6] When Z is a (per)fiuoropolyoxyalkylene radical, the preparation of the products l-Z-l is described, for instance, 
in US Patent 3.810,874. 

[001 7] The amount of monomeric units deriving from the iodinated olefin of formula (I) present in the fluoroelastomers 
object of the present invention is generally from 0.01 to 1.0 moles, preferably from 0.03 to 0.5 moles, even more pref- 

40 erably from 0.05 to 0.2 moles, per 100 moles of the other basic monomeric units. 

[0018] The total iodine amount in the fluoroelastomers object of the present invention is, on the average, from 1 .8 to 
5.0, preferably from 2.0 to 4.0. iodine atoms per chain. The average number of iodine atoms per chain in terminal posi- 
tion is in turn generally from 1.0 to 2.0. preferably from 1.5 to 1.8. The iodine atoms in terminal position can be intro- 
duced, as described in US Patent 4,243,770, by adding during polymerization iodinated chain transfer agents, such as 

45 for instance compounds of formula R f l x . wherein R f is a (per)fluoroalkyl or a (per)fluorochloroalkyl having from 1 to 8 
carbon atoms, while x is 1 or 2. In particular, the iodinated chain transfer agent can be selected from: 1 ,3-diiodoperfiuor- 
opropane, 1,4-diiodoperfluorobutane, 1 ,6-diiodoperf luorohexane, 1,3-diiodb-2-chloroperfluoropropane, 1 ,2-di(iododif - 
luoromethyl)-perfluorocyclobutane, monoiodoperfiuoroethane, monoiodoperfluorobutane, 2-iodo-1- 
hydroperfluoroethane, etc. Particualrly preferred are diiodinated chain transfer agents (x=2). Alternatively, it is possible 

so to use as chain transfer agents alkali or alkaline-earth metal iodides, as described in US Patent 5,173,553. The amount 
of chain transfer agent to be added to the reaction medium is chosen according to the molecular weight which is 
intended to be obtained and to the chain transfer agent effectiveness. 

[0019] The basic structure of the fluoroelastomers object of the present invention can be selected in particular from: 

55 (1) VDF-based copolymers, where VDF is copolymerized with at least a comonomer selected from: perf luoroolef ins 
C 2 -C 8 , such as tetrafluoroethylene (TFE), hexafluoropropene (HFP); C 2 -C 8 chloro- and/or bromo-fluoroolefins, 
such as chlorotrifluoroethylene (CTFE) and bromotrifluoroethylene; (per)fluoroalkylvinylethers (PAVE) 
CF 2 =CFORf, wherein R f is a C r C 6 (per)fluoroalkyl, for instance trifluoromethyl, bromodifluoromethyl, pentafluoro- 
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propyl; {per)fluoro-oxyalkylvinyfethers CF 2 =CFXO, where X is a C r C 12 perfluoro-oxyalkyl having one or more ether 
groups, for instance perfluoro-2-propoxy-propyl; C2-C8 non-fluorinated olefins (Oi), for instance ethylene and pro- 
pylene; typical compositions are the following: (a) VDF 45-85%, HFP 15-45% f TFE 0-30%; (b) VDF 50-80%, PAVE 
5-50%, TFE 0-20%; (c) VDF 20-30%, Ol 10-30%, HFP and/or PAVE 18-27%, TFE 10-30%; 

5 (2) TFE-based copolymers, where TFE is copolymerized with at least a comonomer selected from: (per)f luoroalkyl- 

vinylethers (PAVE) CF 2 =CFOR (t where Rf is defined as above: (per)fluoro-oxyalkylvinylethers CF 2 =CFOX, wherein 
X is defined as above; C^-Ca f luoroolef ins containing hydrogen and/or chlorine and/or bromine atoms; C 2 -C 8 non- 
fluorinated olefins (OZ); typical compositions are the following: (d) TFE 50-80%, PAVE 20-50%; (e) TFE 45-65%, 
0/ 20-55%, VDF 0-30%; (f) TFE 32-60%. 0/ 10-40%, PAVE 20-40%; (g) TFE 33-75%. PAVE 15-45%, VDF 10- 

10 22%. 

[0020] The preparation of the fluoroelasitomers object of the present invention can be carried out by copofymerization 
of ii ie monomers in Jiqueous emulsion according to methods well known ;in the art in the presence of radical initiators 
(for instance alkali metal or ammonium persulphates, perphosphates, perborates or percarbonates), optionally in com- 
15 bination with ferrous, cuprous or silver salts or other easily oxidable metals. In the reaction medium are usually present 
also surfactants of various types, among which particularly preferred are the f luorinated surfactants of formula: 

: R r x-ivr 

20 wherein R f is a C 5 -C 16 (per)fluoroalkyi chain or a (per)fluoropolyQxyalkylene chain. X" is -COO" or -SO3". M + is selected 
from: H + , NH 4 + , alkali metal ion. Among the most commonly used, we can cite: ammonium perfluorooctanoate, 
(per)fluoropolyoxyalkytenes terminated with one or more carboxy! groups, etc. 

[0021] In a preferred embodiment, the fluoroelastomers object of the present invention are prepared in the presence 
of an aqueous microemulsion of perf luoropolyoxyalkylenes. as described in US Patent 4364.006, or in the presence of 
25 an aqueous microemuteion of fluoropolyoxyalkylenes having hydrogenated end groups and/or hydrogenated repetitive 
units, as described in EP-625.526. 

[0022] The amount of iocfinated olefin of formula (I) to be added to the reaction mixture depends on the amount of 
units deriving therefrom which are intended to be obtained in the final product, bearing in mind that, at the low amounts 
employed according to the purposes of the present invention, practically the whole amount of the iodinated olefin 
30 present in the reaction medium enters the chain. 

[0023] The poiymerization reaction is generally carried out at a temperature of from 25° to 150°C, at a pressure up to 
10MPa. 

[0024] When polymerization is completed, the f luoroelastomer is isolated from the emulsion by means of conventional 

methods, such as coagulation by addition of electrolytes or by cooling. 
35 [0025] The peroxide curing is carried out according to the art, by addition of a suitable peroxide capable of generating 

radicals by beating. Among the most commonly used we can cite: dialkylperoxides, such as for instance di-tertbutyl-per- 

oxide and 2,5-dimethyl-2,5-di(tertbutylperoxy)hexane; dicumyl peroxide; dibenzoyl peroxide; dttertbutyl perbenzoate; 

di[1.3-dimethyl-3-(tertbutyl-peroxy)butyl]carbonate. Other peroxide systems are described, for instance, in EP Patents 

136,596 and 41 0.351. 
40 [0026] To the cure mixture other products are then added, such as: 

(a) curing coagents. in an amount generally from 0.5 to 10%, preferably from 1 to 7%, by weight with respect to the 
polymer; among them commonly used are: triallyl-cyanurate; triallyl-isocyanurate (TAIC); tris (diallylamine)-s?tri- 
azine; triallylphosphite; N,N-diallylacrylamide; N,N,N' t N'-tetraallyl-maionamide; trivinyl-isocyanurate; 2,4,6-trivinyl- 

45 methyltrisiloxane, etc.; TAIC is particularly preferred. 

(b) a metal compound, in an amount of from 1 to 1 5%, prefera Jy from 2 to 1 0%, by weight with respect to the pol- 
ymer, selected from divalent metal oxides or hydroxides, such as for instance Mg, Zn. Ca or Pb, optionally associ- 
ated to a weak acid salt, such as for instance Ba. Na. K, Pb. Ca stearates. benzoales. carbonates, oxalates, or 
phosphites; 

so (c) other conventional additives, such as fillers, pigments, antioxidants, stabilizers, and the Rke. 

[0027] As said above, the fluoroelastomers object of the present invention do not require long post-curing treatments; 
to remove possible volatile by-products, after curing it is sufficient to treat the product in air for 30-60 minutes at 1 80°- 
230°C. As demonstrated by the experimentation carried out by the Applicant, longer post-curing periods do not lead to 
55 any significant improvement of mechanical and/or elastic properties of the product. This allows to drastically reduce 
processing times, with consequent increase Of productivity for molding processes on an industrial scale.- 
[0028] The present invention will be now better illustrated by the following working examples, whose purpose is 
merely indicative but not limitative of the scope of the invention itself. 
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EXAMPLE 1 



Preparation of CHo=CH-(CF 2 CF £ ) r CH 2 CHgl, 
5 (1) Ethylene addition 

[0029] In a 5 1 AISI 316 steel reactor, equipped with a magnetic stirrer, previously evacuated and then brought to nitro- 
gen atmosphere, were loaded: 1200 g (2.17 moles) of KCF 2 CF 2 ) 3 -I (prepared as described in J. Fluorine Chemistry. 
47 (1990). • "9); 12.4 g of Cul; 2.2 I of acetonitrile. The reacter was *hen pressurized with 5.0 molesof ethylene, and 

w brought to a temperature of 160°C. and kept at such temperature for 10 hours under stirring. The pressure reached a 
maximum of 51 ate and then gradually decreased up to 1 0 ate. The reactor was then cooled down to room temperature, 
and the unreacted ethylene was discharged. The reaction mixture, containing sediments, was discharged and, after 
pre-stirring with excess of water, filtered on a buchner at reduced pressure, and washed with water. The collected solid 
was dried in an oven at 1 10°C. 1300 g of product were so obtained, which at gaschromatographic analysis showed a 

75 sole peak (yield: 98%). 19 F-NMR and 1 H-NMR analysis gave the following results: 

(l-CH e 2 CH d 2-CF B 2 CF b 2 CF C 2)2 

19 F-NMR (CDCI 3 ) a = -1 14.5 ppm; b = -123 ppm; c = -121 ppm; a/b/c = 1/1/1 
20 1 H-NMR e = 2.7 - 3.0 ppm; d = 3.4 ppm; e/ti = 1/1. 

(2) Dehydroiodination 

[0030] In a 500 ml glass reactor, equipped with a mechanical stirrer, a thermometer, a dropping funnel with compen- 
25 sator. a water-cooled ctaisen with a gathering flask kept at -15°C (cold trap) were loaded: 80 g (0.131 moles) of I- 
CH 2 CH 2 (CF 2 CF 2 )3-CH2CH 2 I and 80 ml of diethytenglycoL The pressure in the system was reduced to 50 mmHg t>y 
meansof a mechanical jpump and the temperature brought to 130°C by immersion in an oil bath. A solution consisting 
of 15 g of NaOH dissolved in 50 mf of H 2 0 was then gradually added (in about 30 min). Development of vapours, which 
condensed in the cold trap, revealed immediately that the reaction took place. At the end of the reaction, two phases 
30 were present in the cold trap, which were separated in a separating funnel. The aqueous phase was extracted with 
methylene chloride, which was then removed by distirtation at reduced pressure. The so obtained organic phase and 
that left in the reactor were put together to give a total of 52.3 g of reaction products. By means of gaschromatography 
analysis, the mixture resulted to be formed by: 

35 



40 



CH 2 =CH-(CF 2 CF 2 )3-CH SS CH2 

l-CH 2 CH 2 -(CF 2 CF 2 ) 3 -CH=CH 2 

l-CH 2 CH 2 -(CF 2 CF 2 )3-CH 2 CH 2 -l 



54% by weight 
40% by weight 
6% by weight 



45 



50 



55 



[0031] After fractional distillation, 20.3 g of iodinated olefin l-CH 2 CH 2 -(CF 2 CF 2 )3-CH=CH 2 (purity: 99%; yield: 32%) 
were obtained. 

Polymerization reaction 

[0032] In a 5 1 autoclave equipped with a stirrer working at 630 rpm, were charged, after evacuation, 3.5 1 of derrriner- 
alized water and 36 mi of a micrqemulsion obtained by mixing: y 

7.8 ml of an acid terminated perftucr jpoJyox>alkylene of formula: 

CF30(CF 2 -CF(CF3)0) n (CF 2 0) rn CF 2 COOH 

where n/m =10, having average molecular weight of 600; 

8.9 ml of a 30% by volume NH 4 OH aqueous solution; 

1 5.6 ml of demineralized water; ? 
4.8 ml of Galden< R ) D02 of formula: 
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CF 3 0(CF 2 -CF(CF 3 )0) n (CF 2 0) m CF3 

wherein n/m = 20, having average molecular weight of 450. 

s [0033] The autoclave was then brought to 80°C and kept at such temperature for the whole duration of the reaction. 
The following mixture of monomers was then fed: 



VDF 


24.0% by moles 


HFP 


59:5% by moles 


TFE 


16.5% by moles 



15 

[0034] so as to bring the pressure to 25 bar. 
[0035] In the autoclave were then introduced: 

1 12 ml of an aqueous solution of ammonium persulphate (APS) having a concentration of 1 g/l; 
20 • 1 t 6-diiodoperf luorqhexane (C 6 F 12 l2) as chain transfer agent, in the form of a solution obtained dissolving 6.0 ml of 
the iodinated product in 14.0 ml of the same Galden< R > D02 used for the microemulsion; the addition was carried 
out in 20 portions, each portion of 1 .0 ml, at the polymerization start and for each 5% increase in the monomer con- 
version; 

- the iodinated olefin of formula CH 2 =CH-(CF 2 CF 2 ) 3 -CH 2 CH 2 l, in the form of a solution obtained dissolving 3.0 ml in 
25 47.0 ml of the same Galden< R > D02 described above; the addition was carried out in 20 portions, each portion of 
23 ml. at the polymerization start and for each 5% increase in the monomer conversion. 

[0036] The pressure of 25 bar was kept constant for the whole duration of the polymerization by feeding a mixture 
consisting of: 

30 





VDF 


50% by moles 


35 


HFP 


26% by moles 




TFE 


24% by moles. 



[0037] After 300 minutes of reaction, the autoclave was cooled, the latex drained and the polymer coagulated by acldi- 
40 tion of an aluminum sulphate solution (6 g of sulphate per liter of latex). After washing, the so obtained product was 
dried in an oven for 24 hours at 70°C. 1500 g of product were so obtained, which was characterized as reported in Table 
1. The polymer monomer composition was determined by 19 F-NMR analysis, the iodine percentage by X-ray fluores- 
cence measurements. The osmometric average molecular weight (M n ? sm ) was calculated, by calibration curves, from 
molecular weight values measured by Gel Permeation Chromatography (GPC). 
45 [0038] The polymer was then peroxide cured: the vulcanization mixture composition and the characteristics of the 
curej product are reported in Table 2. It is to be noticed that, differently from the products of the prior art. a prolonged 
post-curing treatment (24 hours at 200°C) did not lead to any improvement of mechanical and elastic properties of the 
cured product if compared with a shorter treatment (only 1 hour at 200°C). 

so EXAMPLE 2 

[0039] Example 1 was repeated, except that during the polymerization step 6 ml of the same iodinated olefin, dis- 
solved in 94 ml of the same Galden (R > D02 were introduced in the reactor. The addition was carried out in 20 portions 
of 5 ml. at the reaction start and each 5% increase in the monomer conversion. The reaction was discontinued by cool- 
55 ing after 303 minutes, obtaining 1300 g of polymer. The characteristics of the product as such and after peroxide curing 
are reported in, Tables 1 and 2, respectively. 
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EXAMPLE 3 (comparative) 

[0040] Following the same procedure as described in Example 1 , a polymer of the same type but without the iodinated 
olefin was prepared. The properties of the product as such and after peroxide curing are reported in Tables 1 and 2, 
respectively. 



TABLE 1 



EXAMPLE 


1 


2 


3" 


Polymer composition (%mole) 








VDF 




53.9 


55.6 


54.0 


HFP 




20.3 


19.9 


21.5 


TFE 




25.9 


24.5 


24.5 


rodinated olefin 




0.06 


0.13 




Total iodine 


(% weight) 


0.29 


0.41 


0.22 




(per chain) 


1.83 


2.23 


1.38 


Mooney Viscosity (ASTM D1 646) ML( 1+10*) 121°C 


46 


32 


45 




80,000 


69,000 


80.000 


T g onset (°C) (DSC - ASTM D3418-82) 


-13.4 


-13.5 


-12.0 



O comparative 
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TABLE 2 



EXAMPLE 



(*) 



Vulcanization mixture composition 



Polymer 

Luperco (R) 101 XL. 
Drimix <R) TAIC 
ZnO 

Carbon black MT. 



(g)' 

(phr) 



100 
3 
4 
5 
30 



100 
3 
4 
5 
30 



Vulcanization mixture characteristics 

♦Mooney Viscosity ML {1+10 ' ) 3 - 2Jt * c castm di_646> : 
*ODR 177°C arc 3, 12' . (astm D2084-si) 

ML (N-m) 

MH ( 11 ) 

t. 2 (sec) 

t aS0 ( " ) 

t',o ( " .) 

- (N-m/sec) 



45 

1.23 
i5 - 8 

51 

81 
117 
0.30 



33 

0 . 78 
16.8 

51 

81 

1.14 
0 .35 



100 
3 
4 
5 
30 



41 

1...12. 
13 .9 

57 

93 
115 
0 .30 



Characteristics after curing in press 
at 170"C for 10' (ASTM D412-83) 

Modulus at 100% (MPa) 

Stress at break (MPa) 

Elongation at break (%) 

Shore A. hardness (points) 



4.8 
17.3 
226 

69 



4 . 5 
16 . 7 
215 

71 



3 .6 
17.2 
295 

72: 



Characteristics after post-curing in oven 
at 200 °C for 1 hour 

* MECHANICAL PROPERTIES (ASTM D412-83) 
Modulus at 100% (MPa) 
Stress at break (MPa) 
Elongation at break (%) 
Shore A hardness (points) 

♦COMPRESSION SET 

(at 200°C for 70 hours - ASTM D395 Method B) 

O-ring 214 (%) 



Characteristics after post -curing in oven 
at 2 00°C for 24 hours 

♦MECHANICAL PROPERTIES. (ASTM D4r2-B3) 
Modulus at 100% (MPa) 
Stress at break (MPa) 
Elongation at break {%) 
Shore A hardness (points) 

♦COMPRESSION SET 

(at 200°C for 70 hours - ASTM D39S Method B) 

O-ring 214 (%) 



6 . 5 
21 .2 
205 

72 



19 



6 . 8 
20.4 
196 

74 



18 



6 .8 
21.. 1. 
198 

72 



18 



7 . 3 
20 . 0 
192 

74 



18 



4 . 9 
20 . 7 
273 

72 



27 



4 . 7 
19 . 2 
272 

72 



30 



so 



comparative 



55 EXAMPLE 4 

[0041 ] In a 1 0 I autoclave, equipped with a stirrer working at 545 rpm, were loaded, after evacuation, 6.7 1 of deminer- 
alized water and 66.9 ml of a microemulsion obtained by mixing: 
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14.5 m! of an acid terminated perfluoropolyoxyalkylene of formula: 

CF 3 0(CF 2 -CF(CF 3 )0) n (CF 2 0) m CF 2 COOH 

5 wherein n/m = 10, having average molecular weight of 600; 

14.5 m! of a 30% by volume NH 4 OH aqueous solution; 
29.0 ml of demineralized water; 
- 8.9 ml of Galden^ D02 of formula: 

w CF 3 0(CF2-CF(CF3)0) n (CF 2 0) m CF3 

wherein n/m = 20, having average molecular weight of 450. 

[0042J The autoclave was then brought to 80°C and kept at such temperature for the whole duration of the reaction. 
rs The following monomer mixture was then fed: 



VDF 


64.5% by moles 


MVE 


32.0% by moles 


TFE 


3.5% by moles 


(MVE 


perf luoromethylvi - 


nylether) 





so as to bring the pressure to 25 bar. 

[0043] In the autoclave were then introduced: 

30 - 214 ml of a ammonium persulphate aqueous solution (APS) having concentration of 1 g/l; 

1 ,6-diiodoperf iuorohexane (C 6 F 12 I 2 ) as chain transfer agent, in the form of a solution obtained by dissolving 7.6 ml 
of the iodinated product in 12.4 ml of the same Galden (R) D02 used for the microemulsion; 

the iodinated olefin of formula CH 2 =CH-(CF 2 CF2) 3 -CH 2 CH 2 I, in the form of a solution obtained by dissolving 5.0 ml 
in 95.0 ml of the same Galden (R) D02 described above; the addition was carried out in 20 portions, each portion of 
35 5 ml, at the polymerization start and each 5% increase in monomer conversion. 

[0044] The pressure of 25 bar was kept constant for the whole duration of the polymerization by feeding a mixture 
consisting of: 



VDF 


75% by moles 


MVE 


21% by moles 


TFE 


4% by moles. 



[0045] After 1 87 minutes of reaction, the autoclave was cooled, the latex drained and the polymer coagulated by addi- 
tion of an aluminum sulphate solution (6 g of sulphate per liter of latex). After washing, the so obtained product was 
so dried in an oven for 24 hours at 70°C. 2500 g of product were so obtained, which was characterized as reported in Table 

3. 

[0046] The polymer was then peroxide cured: the vulcanization mixture composition and the characteristics of the 
cured product are reported in Table 4. 

55 EXAMPLE 5 (comparative) 

[0047] Following the same procedure as described in Example 4, a polymer„of the same type but without the iodinated 
olefin was prepared. The properties of the product as such and after peroxide curing are reported in Tables 3 and 4 
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respectively. 



TABLE 3 



EXAMPLE 


4 


SO 


Polymer composition (%mole) 






VDF 




79.0 


80.2 


HFP 




17.0 


15.7 


TFE 




4.0 


4.0 


iodinated olefin 




0.05 


-- 


Total iodine 


(% peso) 


0.30 


0.26 




(per chain) 


1.53 


1.31 


Mooney viscosity (ASTM D1646) 






ML(1+1(T) 121°C 




28 


28 


ML(1+4') 100°C 




52 


58 


M n osm * 


65,000 


64,000 


T g onset (°C) (DSC 


- ASTM D3418-82) 


-36.1 


-37.0 



H comparative 

25 



30 



35 



40 



, 45 
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TABLE 4 





EXAMPLE 


4 


5 ( * 


) 


5 


Vulcanization mixture comoosition 












Polymer (g) 




100 


100 






Luperco <R> 101 XL (phr) 




3 


3 






Drimix (R) TAIC ( . " ) 




4 


4 






ZnC ( " ) 




5 


5 




10 


Carbon black MT ( ,f > 




30 


30 






Vulcanization mixture characteristics 












♦Mooney viscosity ML(1+10' ) 121 c (astm di64€> 


30 


33 






*ODR 177° C arc 3, 12' (ASTM D2084-83.) 










15 


ML (N-m) 




0 .78 


0. 


78 




MH ( " ) 




15 . 04 


12 . 


65 




t o2 (sec) 




51 


57 






t e50 ( ) 




81 


87 






t' 90 ( " ) 




111 


114 




20 


v (N'm/sec) 

max * — v — / 




0.37 


0. 


32 




Characteristics after curing in preea 












at 170°C for 10' (ASTM D412-83) 












Modulus ac 100* (MPa; 




3.4 


2 . 


6 


25 


bcress at. Dieajv AMraj 




14 . 5 


13 . 


5 




pi /Nnrra h l An ri f hroa V / \ 
tit ±. CJliy dU. XLJil ct L. ux, grcLfw \ ts / 




236 


324 










66 


64 






Ln«r«ctsn blics aiLci post cunnci jl n oven 












at 2 00°C for 1 hour 










30 


♦MECHANICAL PROPERTIES (ASTM D412-83) 
















3 . o 


o 

A . 


Q 




Stress at break: (MPa) 




16 .3 


15. 


5 




Elongation at break (%) 




237 


292 






Shore A hardness (points) 




67 


66 




35 


* COMPRESS I ON SET 








(at 200°C for 70 hours .- ASTM D395 Method 


B) 










O-ring 214 (%) 




24 


36 






Characteristics after post -curina in oven 










40 


at 200°C for 24 hours 












♦MECHANICAL PROPERTIES (ASTM D412-83) 












Modulus at 10 0% (MPa) 




6.8 


4 . 


7 




Stress at break (MPa) 




21.1 


19 . 


2 




Elongation at break (%) 




198 


272 




45 


Shore A hardness (points) 




72 


72 






♦COMPRESSION SET 










(at 200°C for 70 hours - ASTM D395 Method 


B) 










O-ring 214 (%) 




22 


33 





so ( * } comparative 



55 Claims 

1. Peroxide curable fluoroelastomers. having iodine atoms in terminal position, and monomeric units in the chain 
deriving from an iodinated olefin of formula: 
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CHR=CH-Z-CH 2 CHR-I 



(I) 



wherein: R is -H or -CH 3 ; Z is a C r C 18 (per) fluoroalkylene radical, linear or branched, optionally containing one or 
more ether oxygen atoms, or a (per)f luoropolyoxyalkylene radical. 

5 

2. Fluoroelastomers according to claim 1 /wherein in formula (I) Z is a C 4 -C 12 perfluoroalkylene radical. 

3. Fluoroelastomers according to claim 1 , wherein in formula (I) Z is a (per)f luoropolyoxyalkylene radical of formula: 

w -(Q)p-CF 2 0-(CF 2 CF 2 0) m (CF 2 0) n -CF2-(Q)p- (») 

wherein: Q is a C r C 6 alkylene or oxyalkylene radical; p is 0 or 1 ; m and n are numbers such that the ratio m/n is 
from 0.2 to 5 and the molecular weight of said (per)fluoropotyax* alkylene radical is from 40Q to 10.00Q. 

is 4. Fluoroelastomers according to claim 3. wherein Q is selected from: -CH 2 0; -CH 2 OCH 2 -; -CH^-; -CH 2 CH 2 -. 

5. Fluoroelastomers according to anyone of the previous claims, wherein the amount of units deriving from the iodi- 
nated olefin of formula (I) is from 0.01 to 1.0% by mole per 100 moles of the other basic monomeric units. 

20 6. Fluoroelastomers according to claim 5, wherein the amount of units deriving from the iodinated olefin of formula (I) 
is from 0.03 to 0.5% by mole per 100 moles of the other basic monomeric units. 

7. Fluoroelastomers according to anyone of the previous claims, wherein the average number of iodine atoms per 
chain in terminal position is from 1.0 to 2.0. 

25 

8. Fluoroelastomers according to claim 7, wherein the ayerage number of iodine atoms per chain in terminal position 
is from 1.5 to 1.8. 

9. Fluoroelastomers according to anyone of the previous claims, wherein the total amount of iodine atoms per chain 
30 is, on the average, from 1 .8 to 5.0. 

10. Fluoroelastomers according to any of the previous claims, wherein the total amount of iodine atoms per chain is, 
on the average, from 2.0 to 4.0. 

35 11. Fluoroelastomers according to claim 1, wherein the monomeric structure is based on vinylidene fluoride (VDF), 
copolymerized with at least a comonomer selected from: C 2 -C 8 perf luoroolefins; chloro- and/or bromofluoroolef ins 
C 2 -C 8 ; (per)f luoroalkylvinylethers (PAVE) CF 2 =CFOR f , where R t is a CVC 6 (per)fluoroalkyl; (per)fluoro-oxyaiky!vi- 
nylethers CF 2 =CFOX. where X is a C r C 12 (per)fluoro-oxyalkyl having one or more ether groups; C 2 -C 8 non-fluor- 
inated olefins (Oi). 

40 

1 2. Fluoroelastomers according to claim 1 1 , wherein the basic monomeric structure is selected from: (a) VDF 45-85%. 
HFP 15-45%, TFE 0-30%; (b) VDF 50-80%, PAVE 5-50%, TFE 0-20%: (c) VDF 20-30%. OI 10-30%, HFP and/or 
PAVE 1 8-27%, TFE 1 0-30%. 

45 13. Fuoroelastomers according to claim 1, wherein the monomeric structure is based on tetrafluoroethylene (TFE), 
copolymerized with at least a comonomer selected from: (per)f luoroalkylvinylethers (PAVE) CF 2 =CFOR f , where R f 
is a C^Ce (per)fluoroalkyl; perfluorooxyalkylvinylethers CF 2 =CFOX, where X is a C r C 12 (per)fluorooxyalkyl having 
one or more ether groups; C 2 -C 8 fluoroolefins containing hydrogen and/or chlorine and/or bromine atoms; C 2 -C 8 
non-fluorinated olefins (O/). 

50 

14. Fluoroelastomers according to claim 13, wherein the basic monomeric structure is selected from: (d) TFE 50-80%, 
PAVE 20-50%; (e) TFE 45-65%. Oi 20-55%. VDF 0-30%; (f) TFE 32-60%, Ot 10-40%. PAVE 20-40%; (g) TFE 33- 
75%, PAVE 15-45%, VDF 10-22%. 

55 15. Fluoroelastomers according to anyone of the previous claims, obtainable by a copolymerization process of the 
monomers in aqueous emulsion in the presence of a radical initiator and of an iodinated chain transfer agent. 

16. Fluoroelastomers according to claim 15, wherein the iodinated chain transfer agent is a compound of formula R f l x , 
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wherein R ( is a (per)fluoroalkyl or a (per)f luorochloroalkyl having from 1 to 8 carbon atoms, while x is 1 or 2. 

17. Fluoroelastomers according to claim 15 or 16, wherein the copolymerization process of the monomers is carried 
out in the presence of an aqueous microemulsion of perfluoropolyoxyalkylenes or of f luoropolyoxyalkylenes having 
hydrogenated end groups and/or hydrogenated repetitive units. 

1 8. lodinated olefins of formula (I), defined according to claims from 1 to 4. 

19. Process for preparing the iodinated olefins of claim 18, which comprises in sequence: 

(1) adding ethylene or propylene to a compound of formula l-Z-l. to obtain a diiodinated product having the for- 
mula: 

l-CHR-CH r Z-CH 2 -C HR-I " (III) 

wherein R and Z are defined as above; 

(2) partially dehydroiodinating the product of formula (III) with a base so as to obtain the iodinated olefin of for- 
mula (f). 

20. Process according to claim 19. wherein step (2) is carried out in defect of the base, and afterwards the iodinated 
olefin is separated by fractional distillation. 

21. Process according to claim 19, wherein the step (2) is carried out at reduced pressure, so as to remove the iodi- 
nated olefin from the reaction mixture as it forms. 

22. Process according to daim 19, wherein step (1) is carried out in defect of ethylene or propylene, so as to favour 
formation of mono-addition product f-Z-CH 2 -CHR-f; the mono-addition product is then dehydroiodinated according 
to step (2), with formation of the olefin l-Z-CH=CHR, which is finally subjected to f uther addition of ethylene or pro- 
pylene to give the iodinated olefin of formula (I). 

23. Use of the fluoroelastomers according to claims from 1 to 16 for manufacturing O-rings. 

24. Use according to claim 23. wherein the fluoroelastomers have basic monomelic composition according to claim 14. 
Palerrtanspruche 

1. Peroxidhartbare Fluorelastomere mit lodatomen in endstandiger Position und Monomereinherten in der Kette. die 
von einem iodierten Olefin der Formel 

CHR=CH-Z-CH 2 CHR-l (I) 

stammen, wobei R gleich -H oder -CH 3 ist; Z ein C r C 18 -(Per)fluoralkylenrest linear oder verzweigt. der gegebe- 
nenfalls ein oder mehrere Ether-Sauerstoffatome enthatt. oder ein (Per)fluorpolyoxyaIkylenrest ist. 

2. Fluorelastomere nach Anspruch 1 f wobei in Formel (I) Z ein C 4 -C 12 -Perfluoralkylenrest ist. 

3. Fluorelastomere nach Anspruch 1. wobei in Formel (I) Zein (Per)fluorpolyoxyalkylenrest der Formel 

-(Q) p -CF 2 0-(CF 2 CF 2 0) m (CF 2 0) n -CF 2 -(Q) p - (II) 

ist, wobei Q an CfCe-Alkyien- oder -Oxyalkylenrest ist; p gleich 0 oder 1 ist; m und n ganze Zahlen sind. so daB 
das Verhaitnis m/n von 0,2 bis 5 reicht und das Molekulargewicht des (Per)fluorpolyoxyalkylenrests von 400 bis 10 
000 reicht. 

4. Fluorelastomere nach Anspruch 3, wobei Q ausgewahlt ist aus: -CH 2 0-; -CH 2 OCH 2 -; -CH 2 -; -CH 2 CH 2 -. 

5. Fluorelastomere nach einem der vorherigen Anspruche, wobei die Menge an vori dem iodierten Olefin der Formel 
(I) abstammenden Einheiten von 0,01 bis 1 ,0 Mol-% pro 100 Mol der anderen monomeren Grundeinheiten betragt. 
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6. Ruorelastomere nach Anspruch 5, wobei die Menge an von dem iodierten Olefin der Formel (I) abstammenden 
Einheiten von 0,03 bis 0,5 Mol-% pro 100 Mol der anderen monomeren Grundeinheiten betragt 

7. Fluorelastomere nach einem der vorherigen Anspruche, wobei die mittlere Zahl an lodatomen pro Kette in endstan- 
5 diger Posftion von 1 ,0 bis 2,0 reicht. 

8. Fluorelastomere nach Anspruch 7, wobei die rriittlere Zahl an lodatomen pro Kette in endstandiger Position von 1 ,5 
bis 1 ,8 reicht. 

io 9. Fluorelastomere nach einem der vorherigen Anspruche, wobei die Gesamtmenge an lodatomen pro Kette im Mittel 
von 1,8 bis 5,Q reicht 

1 0. Fluorelastomere nach einem der vorherigen Anspruche; wt bei die Gesamtmenge an lodatomen pro Kette im Mittel 
von 2,0 bis 4,0 reicht. 

75 - 

11. Ruorelastomere nach Anspruch 1, wobei die Monomerstruktur auf Vinylidenfluorid (VDF) basiert das mit minde- 
stens einem Comonomer copoiymerisiert ist, ausgewahlt aus: C 2 -Cg-Perf luorolefinen; C^-Ca-Chior- und/oder - 
Bromfluorolefinen; (Per)fluoraIkylvinylethern (PAVE) CF 2 =CFORf, wobei R f ein C r C 6 -(Per)fluoralkyl ist; Perfluor- 
oxyalkylvinylethern CF 2 =CFOX, wobei X ein C r C 12 -Perfluoroxyalkyl mit einer oder mehreren Ethergruppen ist; 

20 nichtfluorierten C 2 -C 8 -Olefinen (CH). 

12. Ruorelastomere nach Anspruch 11. wobei die Monomergrundstruktur ausgewahlt ist aus: 

(a) VDF 45-85%, HFP 15-45%. TFE 0-30%; 
25 (b) VDF 50-80%, PAVE 5-50%, TF^O-20%; 

(c) VDF 20-30%. Ol 10-30%, HFP und/oder PAVE 18-27%. TFE 10-30%. 

13. Fluorelastomere nach Anspruch 1, wobei die Monomerstruktur auf Tetrafluorethylen (TFE) basiert, das mit minde- 
stens einem Comonomer copoiymerisiert ist, ausgewahlt aus: (Per)fluoralkylvinylethern (PAVE) CF 2 =CFORf, 

30 wobei R f ein C-j-CVfPeOfluoralkyl ist; Perfiuoroxyalkylvinylethern CF 2 =CFOX, wobei X ein CVC^-Perfluoroxyalkyi 
mit einer oder mehreren Ethergruppen ist; C 2 -Cs-Ruorolefinen, die Wasserstoff- und/oder Chlor- und/oder Brom- 
atome enthalten; nichtfluorierten C 2 -C 8 -Olefinen (Ol). 

14. Fluorelastomere nach Anspruch 13. wobei die Monomer grundstruktur ausgewahlt ist aus: 

35 

(d) TFE 50-80%, PAVE 20-50%; 

(e) TFE 45-65%, Ol 20-55%, VDF 0-30%; 

(f) TFE 32-60%, Ol 10-40%. PAVE 20-40%; 

(g) TFE 33-75%. PAVE 15-45%. VDF 10-22%. 

40 

15. Fluorelastomere nach einem der vorherigen Anspruche, die erhaitlich srnd durch ein Copolymerisationsverfahren 
der Monomeren in einer wSBrigen Emulsion in Gegenwart eines Radikalstarters und eines iodierten Kettenuber- 
tragungsreagens. 

45 16. Fluorelastomere nach Anspruch 15, wobei das iodierte Kettenubertragungsreagens eine Verbindung der Formel 
R,l x ist, wobei R f ein (Per)fluoralkyl oder ein (Per)fluorchloralkyl mit von 1 .bis 8 Kohlenstoffatomen ist. wahrend x 
gleich 1 oder 2 ist. 

.17. Fluorelastomere nach Anspruch 15 oder 16, wobei das Copolymerisationsverfahren der Monomere durchgefuhrt 
so wird in Gegenwart einer waBrigen Mikroemulsion von Perfluorpolyoxyalkylenen oder von Ruorpolyoxyalkylenen 
mit hydrierten Endgruppen und/oder hydrierten RepetiereinheiterL 

18. Iodierte Dlefine der Formel (I), die gemafc der Anspruche 1 bis 4 definiert sind. 

55 19. Verfahren zur Herstellung der iodierten Olefine gemaB Anspruch 18, umfassend der Reihe nach: 

(1) Zugeben von Ethylen oder Propylen zu einer Verbindung der Formel l-Z-l, urn ein diiodiertes Produkt mit 
der Formel 
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l-CHR-CH 2 -Z-CH 2 -CHR-l 



(III) 



zu erhalten, wobei R und Z wie oben definiert sind; 

5 (2) partielles Dehydroiodieren des Produkts der Formel (III) mit einer Base, so daB das iodierte Olefin der For- 

mel (I) erhalten wird. 

20. Verfahren nach Anspaich 19, wobei der Schritt (2) bei einem UnterschuB an Base durchgefuhrt wird und anschiie- 
Bend das iodierte Olefin durch fraktionierte Destination abgetrenrrt wird. 

10 

21. Verfahren nach Anspruch 19, wobei der Schritt (2) bei reduziertem Druck durchgefuhrt wird. so daB das iodierte 
Olefin bei seiner BikJung aus der Reaktionsmischung entfernt wird. 

22. Verfahren nach Anspruch 19. wobei der Schritt (1) bei efnern UnterschuB an Ethylen Oder Propylen durchgefuhrt 
rs . wird. so daB die Bildung eines Monoadditionsprodukts !-Z-CH 2 -CHR-l begunstigt wird; das Monoadditionsprodukt 

dann gemSB Schritt (2) dehydroiodiert wird. unter Bildung des Olefins l-Z-CH=CHR, welches schlieBlich einer wei- 
teren Addition von Ethylen oder Propylen unterzogen wird. um das iodierte Olefin der Formel (0 zu ergeben. 

23. Verwendung der Fluorelastomere gemSB den Anspruchen 1 bis 16 zur HersteNung von O-Ringen. 

20 

24. Verwendung nach Anspruch 23. wobei die Fluorelastomere erne Monomergrundzusammensetzung gemaB 
Anspruch 14 besitzen. 

Revendications 

25 

1 . Ruoro6lastom6res vulcanisables au peroxyde, ayant des atomes diode en position terminale et des motifs mono- 
meres dans la chaTne d§rivant d'une olef ine iod6e de formule : 

CHR=CH-Z-CH 2 CHR-I (I) 

30 

dans laquelle : R est -H ou CH 3 ; Z est un radical (per)fluoroalky!6ne en C-j a C 18 linSaire ou ramifte. renfermant 
everrtuellement un ou plusieurs atomes d'oxygene 6ther, ou un radical (per)fluoropolyoxyalky1£ne. 

2. Fluoro6lastomeres selon la revendication 1 , dans lesquels. dans la formule (I). Z est un radical (per)flLroroalkytene 
35 en C 4 k C 12 . 

3. Ruoro6Iastom£res seion la revendication 1 , dans lesquels. dans la formule (I). Z est un radical (per)fluoropoiy- 
oxyalkyiene de formule : 

40 -(0)p-CF 2 0-(CF 2 CF 2 0) m (CF 2 0) n -CF 2 -(Q)p- (») 

dans laquelle : Q est un radical alkylene ou oxyalkylene en C 1 a C 6 ; P est 6gal a 0 ou 1 ; m et n sont des nombres 
tels que le rapport m/n soit compris entre 0.2 et 5 et la masse moleculaire dudit radical perfluoropolyoxyalkylene 
soit comprise entre 400 et 10 000. 

45 

4. F1uoro6lastomeres selon la revendication 3, dans lesquels Q est choisi parmi -CH 2 0-, -CH 2 OCH 2 - ; -CH 2 - ; - 
CH 2 CH 2 -. 

5. Ruoro6iastomeres selon Tune quelconque des revendications pr^cedentes. dans lesquels la quantity de motifs 
so derivant de I'otefine iod§e de formule (I) represente 0.01 £.1 .0 % en mole pour 100 moles d'autres motifs monome- 

res de base. 

6. Fluoro6lastomeres selon la revendication 5, dans lesquels la proportion de motifs derivant de Tol6f ine iod6e de for- 
mule (I) represente de 0.03 a 0.5% en mole pour 100 moles des autres motifs monomeres de base. 

55 

7. Fluoro§iastom£res selon Tune quelconque des revendications pr6c6dentes, dans lesquels le nombre moyen d'ato- 
mes diode par chame en position terminale est de 1 ,0 a 2,0. 
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8. Ruoro6lastorrteres selon la revendication 7, dans lesquels le nombre moyen d'atomes diode par chaTne en posi- 
tion terminate est compris entre 1 ,5 et 1 ,8. 

9. Fluoro6lastomeres selon lune quelconque des revendications pr6c6dentes, dans lesquels la quantity totale d'ato- 
5 mes d'iode par chaTne est en moyenne de 1 ,8 a 5,0. 

10. Ruoroelastom^res selon lune quelconque des revendications pr§cedentes, dans lesquels la quantity totale d'ato- 
mes d'iode par chaTne est, en moyenne de 2,0 & 4,0. 

io 11. Fluoro6lastomeres selon la revendication 1, dans lesquels la structure monomere est bas6e sur du fluorure de 
vinyHd6ne (VDF) copolym6rise avec au motns un monom&re choisi parmi : pert luoro-ol§fines en C2 a Cg ; chloro- 
et/ou bromofluoro-otefines en C 2 a C 8 ; (per)-f luoroalkylvinylethers (PAVE) CF 2 =CFOR f , ou R r est un (per)f!uoroafk- 
yle en C 1 k C 6 ;(per)flu oro-oxyalkyl vinyl ethers CH 2 =CFOX, ou X <;St un (per)fluoroHDxyalkyle en k C 12 compor- 
tant un ou plusieurs groupes Others ; une o!6f ine en C 2 k C 8 non f luoree {Of). 

15 

12. Riioro6lastom£res selon la revendication 11, dans fesquels la structure monomere de base est choisie parmi (a) 
VDF 45-85 %. HFP 1 5-45 %. TFE 0-30 % ; (b) VDF 50-80 %. PAVE 5-50 %. TFE 0-20 % ; (c) VDF 20-30 %. Ol 10- 
30 %. HFP et/ou PAVE 1 8-27 %, TFE 1 0-30 %. 

20 1 3. Fluoro6lastonrteres selon la revendication 1 , dans lesquels la structure monomere est k base de tetraf luoro&hytene 
(TFE) copolyrrterisl avec au moins un comononrtere choisi parmi : (per)fluoroalkylvinylethers (PAVE) CF 2 =CFOR t> 
ou R f est un (per)fluoroalkyle en C, k C 6 ; perfluoro-oxyalkyMnylethers CF 2 =CFOX, ou X est un (per)fluoro-oxya!k- 
yle en k C 12 comportant un ou plusieurs groupes 6ther ; fluoro-olefines en C 2 k Cq contenant des atomes 
d'hydrogene et/ou de chlore et/ou de brome; ol^fines non i luor6es en 0% a (Ol). 

25' 

14. Ruoro6Iastorrteres selon la revendication 13, dans lesquels la structure monomere de base est choisie parmi ; (d) 
TFE 50-80 %, PAVE 20-50 % ; (e) TFE 45-65 %, Ol 20-55 %. VDF 0-30 % ; (!) TFE 32-60 %. Ol tO-40 %, PAVE 
20-40 % ; (g) TFE 33-75 %, PAVE 15-45 %. VDF 10-20 %. 

30 15. Fluoro£lastomeres selon Tune quelconque des revendications precedentes, pouvant etre obtenus par un proc§d6 
de copolymerisation de monomeres en emulsion aqueuse en presence d'un initiateur radicalaire et d'un agent de 
transfert de chaTne iod6. 

16. Fluoroelastomeres selon la revendication 1 5, dans lesquels I'agent de transfert de chalne iode est un compose de 
35 , for mule Rf l x . ou R t est un (per) fluoroalkyle ou un (per)f luorochForoatkyfe comportant de 1 a 8 atomes de carbone, 

tandis que x vaut 1 ou 2. 

17. Ruoroelastomeres selon la revendication 15 ou 16, dans lesquels le precede de copolymerisation des monomeres 
est mis en oeuvre en presence d'une microemulsion aqueuse de pert luoropolyoxyalky ten es ou de f luoropolyoxyaik- 

40 ylenes comportant des groupes terminaux hydrogen^s et/ou des motifs repetitifs hydrogenes 

18. Olefines iod6es de formule (I) defrnies selon Tune quelconque des revendications 1 & 4. 

19. Procede de preparation d'olefines iodees selon la revendication 18, qui comprend successivement : 

45 

(1 ) Taddition de ('ethylene ou du propylene a un compost de formule NZ-I pour obtenir un produit diiode repon- 
dant k la formule : 

l-CHR-CH 2 -Z-CH 2 -CHR^ (III) 

so 

dans laquelle R et Z sont tels que definis ci-dessus ; 

(2) deshydroiodation partielles du produit de formule (111) a I'aide d'une base de fagon a obtenir Totefine iode 
de formule (I). 

es 20. Proced6 selon la revendication 19, dans lequel on effectue I'&ape (2) en presence d'un defaut de base et ensuite, 
on separe lolefine iod§e par distillation fractionn^e. 

21. Proc6de selon la revendication 19, dans lequel on effectue l'6tape (2) sous pression reduite de fa?on a eliminer 
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I'olgfine ioctee du melange r6actionnel au fur et k mesure de sa formation. 

22. Proc6d6 selon la revendication 19. dans lequel on effectue l'€tape (1) en presence d'un d6faut d'6thyl6ne ou de 
propylene de fa$on k favoriser la formation de produits de mono-addition l-Z-CH 2 -CHR-l ; on soumet le produit de 
mono-addition k une d6shydro-fodation selon la revendication 2 avec formation de l'ol§fine l-Z-CH=CHR. qu'on 
soumet finalement k une addition supplementaire d'£thyl6ne ou de propylene pour obtenir I'olgfine iod6e de for- 
mule (I). 

23. Utilisation des fiuoroelastomeres selon les revendications 1 a 16. pour la fabrication de joints toriques. 

24. Utilisation selon la revendication 23, dans laquelle les fiuoroelastomeres ont des compositions en monom&res de 
base selon la revendication 14. 



